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ABSTRACT 
Aquilaria microcarpa Baill is a non–timber tree belongs to Thymeleaceae family. Gaharu is the valuable product 
produced by the tree. It is economically important. It can serve many purposes such as incense, fragrance and 
medicine.  The study was carried out to establish an in vitro callus induction of A. microcarpa Baill. Leaf and 
petiole from 6 month old potted seedling were used and surface sterilized with 10%, 15% and 20% of Clorox for 
10, 15 and 20 minutes plus Tween20 followed by Benomyl for 1 hour. In the study, 10% of Clorox concentration 
with 20 minutes exposure produced more axenic explant for leaf with 95% and petiole with 86.7%. Axenic leaf 
and petiole were placed into solidified MS media supplemented with different concentrations of 2,4–
dichlorophenoxy acetic acid (2,4–D) alone at 0, 0.5, 1.0, 2.0 and 3.0 mg/L and also 2,4–D plus 0.5 mg/L of 6–
benzylaminopurine (BAP) for callus induction. After 4 weeks of culture, leaf significantly produce 100% of 
callus while petiole with 73.3% success in media supplemented with 2.0 mg/l of 2,4–D plus 0.5 mg/l of BAP. 
Fully developed callus were subcultured after 4 weeks into fresh media to promote cell growth. The calli formed 
were transferred into MS media supplemented with Indole–3–butyric acid (IBA) and BAP for shoot proliferation. 
There was no shoot growth after 7 weeks of cultured, however, within week 4, calli cultured appeared light green 
in response to hormones applied. Therefore, further research needs to be continued for developing suitable and 
better plant regeneration protocol.  
Keywords: Aquilaria microcarpa Baill., callus induction, leaf, petiole 
 
ABSTRAK 
Aquilaria microcarpa Baill. ialah pokok bukan balak dari keluarga Thymeleaceae. Gaharu ialah produk 
berharga yang dihasilkan oleh pokok tersebut. Ianya menyumbang kepada  kepentingan ekonomi. Produk yang 
dihasilkan dapat memenuhi pelbagai tujuan seperti untuk haruman, setanggi dan juga perubatan. Kajian ini 
dilaksanakan adalah untuk mewujudkan satu induksi kalus dari A. microcarpa melalui kaedah in vitro. Daun dan 
petiol daripada anak benih yang berusia 6 bulan telah digunakan dan disterilkan dengan 10%, 15% dan 20% 
kepekatan Clorox selama 10, 15 dan 20 minit ditambah dengan Tween20 dan kemudiannya diikuti dengan 
Benomyl selama 1 jam. Dalam kajian yang telah dijalankan, 10% kepekatan Clorox selama 20 minit didapati 
menghasilkan banyak eksplan daun yang axenik sebanyak 95% dan 86.7% untuk eksplan petiol. Untuk induksi 
kalus, daun dan petiol yang axenik kemudiannya diletakkan pada media MS yang ditambah dengan kepekatan 
2,4–D yang berbeza iaitu 0, 0.5, 1.0, 2.0 dan 3.0 mg/L untuk rawatan 2,4–D sahaja dan juga 2,4–D yang 
ditambah dengan 0.5 mg/L BAP. Selepas 4 minggu pengkulturan, daun secara signifikan menghasilkan 100% 
kalus manakala petiol sebanyak 73.3% pada media yang ditambah dengan 2.0 mg/L 2,4–D dan 0.5 mg/L BAP. 
Eksplan yang sepenuhnya menjadi kalus kemudian disubkultur selepas 4 minggu untuk menggalakkan 
pertumbuhan sel. Kalus yang telah terbentuk kemudian dipindahkan ke dalam media MS yang ditambah dengan 
IBA dan BAP untuk percambahan pucuk. Tiada pertumbuhan pucuk setelah 7 minggu pengkulturan, namun 
begitu, kalus mula menampakkan warna hijau cerah sebagai tindak balas kepada hormon yang diletakkan. Oleh 
itu, kajian lebih lanjut patut diteruskan untuk mengembangkan lagi protokol regenerasi tumbuhan yang sesuai 
dan lebih baik. 
 







Aquilaria sp. is a non–timber species belongs to Thymeleaceae family. For the purpose of this 
study, Aquilaria microcarpa Baill is used due to its availability. Throughout Malaysia, A. 
microcarpa mostly distributed in Sabah and Sarawak (Chua, 2008). The genus itself is very 
popular in resin production. Resin produced from Aquilaria gives huge contribution to the 
economy of a country since they are really valuable. Higher demand in market has caused 
excessive felling of the tress by the locals, thus significantly reduced the tree population in 
natural forest. In Sarawak, all gaharu species are placed under the protected species in 
Sarawak’s Wildlife Protection Ordinance (1998). 
 
Realising the depletion of agarwood trees population, many interested parties tried to plant the 
species trees at commercial scale. However, poor supplies of seedlings usually slow down the 
effort. Gaharu seeds have poor germination as they loss moisture content rapidly (He, Qi, & 
Hu, 2005). While according to Chua (2008), species of A. malaccensis are found to produce 
seeds after 7 to 9 years while other Aquilaria species can only produce seed once in their 
whole life cycle. Besides, the hard coat seed itself causing slow and prevent germination to 
take place. Nevertheless, the available seed is not assured to be viable until develop into 
growing seedlings. As it is not reliable to plant seed that having sort of difficulties in 
germination, in vitro propagation become the potential alternative technique to produce the 
plantlets.  
 
Through in vitro propagation, homogenous plant type of Aquilaria can be produced in terms 
of their genetics quality. As only small parts of plants are taken and used as explants, it will 
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not harm the entire tree. Other than that, a large quantity of Aquilaria plantlets can be 
produced in a short time. However, in in vitro propagation, the establishment of axenic 
explants still pose major problems with high degree of fungal and bacterial contaminations. 
 
Hence, the objectives of the study were (i) to identify the most suitable surface sterilization 
regime for A. microcarpa Baill. using sodium hypochlorite (NaClO) (Clorox®) and later (ii) to 





















2.0 LITERATURE REVIEWS  
 
2.1 Genus Aquilaria 
 
Thymelaeceae is the family of dicotyledonous plant that having highly valued genus, 
Aquilaria. Aquilaria, also known as gaharu, is type of agarwood, eaglewood or aloeswood 
that produced resinous, fragrant and valuable heartwood products (Pusaka, Sept–Oct, 2008). 
This non timber tree is a relatively slow growing, medium–sized tree on average of 15 to 25 
metre tall (Donovan & Puri, 2004). Moreover, Donovan & Puri (2004) also stated that A. 
microcarpa can reach heights to 40 metres while some species remains considerably smaller 
and more shrublike such as A. khasiana. 
 
Aquilaria bears white flower that have sweet scented (Barden, Noorainie, Mulliken, & Song, 
2000; Blanchette & Beek, 2004). Based from research conducted by Soehartono & Newton 
(2001), most of selected trees which are A. beccariana, A. microcarpa, A. malaccensis, A. 
crassna, A.  filaria, and A. hirta flowered during dry seasons and fruits requiring between 36 
and 72 days to develop, depending on species type. The fruits of trees are recalcitrant. 









2.1.1 Distribution of Aquilaria sp. 
 
Aquilaria is found growing in the plain hill slopes and ridges of up to 750m in both primary 
and secondary lowland dipterocarp forests (Jantan ,1990,cited in Pusaka, Sept–Oct, 2008). 
While from CITES (2004), the genus able to live at rocky, sandy or calcareous, well–drained 
slopes and ridges and land near swamps. 
 
Blanchette & Beek (2004) mentioned that, Aquilaria trees are native to Asia ranging from 
Northern India to Vietnam and Indonesia. The Third National Forest Inventory (NFI–3) 
conducted between 1991 and 1993 for Peninsular Malaysia showed that Aquilaria sp. occurred 
in both logged and primary forests (Chin, et al., 1997). 
 
Throughout Malaysia, several agarwood–producing species were found such as A. beccariana 
Tiegh., A. hirta Ridl., A. malaccensis Lam. and A .microcarpa Baill (Chua, 2008). Tawan  
(2004) mentioned in Pusaka (Sept – Oct, 2008) that at least three species have been identified 
to be most valuable in Sarawak which are A. microcarpa, A. beccariana and A. malaccensis. 
 
2.1.2 Resin of Aquilaria sp. 
 
The valuable resin produced by Aquilaria developed after some parts of tree trunk or branches 
are wounded. According to Okudera & Ito (2009), resin formation in Aquilaria tress seems to 
be triggered by mechanical wounding and infectious disease. Production of resin is to be an 
example of plant defence response in Aquilaria trees (Okudera & Ito, 2009). Yet the 
occurrence of Aquilaria trees still not guaranteed to produce resin. Gibson (1977), cited in 
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Donovan & Puri (2004) stated that only 10% of Aquilaria stands in forest were estimated by 
scientists that can produce resin.  
 
Resin canal, specifically located at heartwood of phloem act as defence mechanism for the 
tree. As the tree saps thickens in response to injury and fungal infection, this aromatic resin is 
produced. Usually, resin deposits several millimetres above from hole drilled on longitudinal 
direction and contact with the hole on tangential direction (Tabata, Widjaja, Mulyaningsih, 
Parman, Wiriadinata, Mandang & Itoh, 2003).  According to Donovan & Puri (2004), the 
degree of resin saturates the heartwood phloem fibres will determines grading and market 
value of the product. For low quality of resin type, a mottled and flecked typically appeared in 
pale wood. Unlike for higher quality that appeared nearly solid black colour and glossy 
(Donovan & Puri, 2004).  
 
In gaharu cultivation, the quantity of resin production is highly determined by the number of 
holes or wounds inoculated and the quality is determines by how long time has passed since 
inoculation till harvest time (Mucharromah, 2011). According to Mucharromah (2011), the 
longer time passes after inoculation, the more fragrant resin will be accumulated thus higher 
quality of gaharu will be achieved.  
 
Whist according to Suwardi, Djajakirana & Sumawinata (2007), not all Aquilaria trees grown 
in forest produce resin as it depends on infection of certain fungus. Specific technique to 
inoculate fungi into gaharu plants also available to obtain best result of resin production 
(Suwardi et al., 2007).  In the study conducted by Mohamed, Jong, & Zali (2010), the isolation 
of fungi carried out from agarwood of A. malaccensis in damaged trees have revealed 
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Cunninghamella, Curvularia, Fusarium, and Trichoderma as the fungi species members of 
agarwood community. 
 
Methods for stimulating resin formation of Aquilaria have been created by selecting Aquilaria 
tree that is at least 5 years old with diameter of 6 meters and removing the outer layer of 
wounded tree (Wijitphan, 2007). The wound may be formed by cutting, drilling, chipping or 
even by inserting a nail till reach xylem part (Blanchette & Beek, 2004). 
 
2.1.3 Chemical constituents in Aquilaria sp. 
 
In Malaysia, A. malaccensis is the major producer of agarwood preferably than other species, 
such as A. beccariana and A. microcarpa, as it emits a wonderful fragrant when wood 
contained resin is burnt (Mohamed et al., 2010). According to Okudera & Ito (2009), 
sesquiterpeniods fragrant compounds were found synthesized in living cells of A. crassna in 
callus induction stage. 
 
Resin produced in gaharu contained phytoalexin compound which is type of secondary 
metabolites in gaharu trees that acts as defence mechanism (Novriyanti, Santoso, Wiyono, & 
Turjaman, 2011). In research conducted by Novriyanti et al. (2011), inoculation of Fusarium 
sp. that comes from 2 different localities had resulting different concentration of compound. 
Fusarium sp. from Tamiang Layang (Central Kalimantan) resulted higher concentration of 
phytoalexin, constituent compound, while Fusarium sp. originated from Maluku resulted 




2.1.4 Importance of Aquilaria sp.  
 
The usage of gaharu in human life is very distinct and well–known. The high economically 
valuable fragrant resinous wood plays important roles in human lives especially in religion 
purposes. The Chinese and Indian have used agarwood in their traditional medicine (Pusaka, 
Sept–Oct, 2008). According to Blanchette & Beek (2004), Traditional Chinese, Unanai, 
Ayurvedic and Tibetan physicians have used resin medicinally as remedy for nervous 
disorders such as obsessive, behaviour and exhaustion.  
 
The gaharu–producing trees such as A. malaccensis, A. beccariana, A. microcarpa, A. hirta 
and A. agallocha were commonly found in Sumatera and they has been known to produce 
gaharu preferred by consumers around the world (Mucharromah, 2011).  
 
Agarwood also known in Japan and it has been used widely in their cultural, religion and in 
medicinal practices over a hundred years. According to Compton & Ishihara (2004), Japanese 
recognized agarwood as jin–koh. Japanese belief that processing of jin–koh was a symbol of 
power and wealth in feudal Japan (Compton & Ishihara, 2004). While in terms of medicine, 
jin–koh is used as sedative and benzene extract of the medicine showed a reduction of 







Arabic culture also practices the usage of agarwood and becomes important part in their lives. 
Recognised as oudh in Arabic, agarwood is used as traditional aromatic and perfume in many 
forms (Antonopoulou, Compton, Perry, & Al-Mubarak, 2010). According to Antonopoulou et 
al. (2010), high grade wood chips of agarwood are burnt by Sheikhs to honour their guests and 
perfuming their personal garments before special occasions and in preparation for prayer.  
 
In Malaysia, agarwood has been put to many uses including aromatic fragrance, 
pharmaceuticals, religious, and ornamentals. Dentan (2001, cited in Wyn & Noorainie, 2010) 
have mentioned that ‘Orang Asli’ in Peninsular Malaysia have been observed to use agarwood 
for their spiritual purposes. While, according to Yaacob (1999, cited in Barden et al., 2000), 
Muslim traditionally used Minyak Attar which is a water–based perfume containing agarwood 
oil on their prayer clothes. 
 
Agarwood also contributed in economic prospects. In newsletter of Pusaka (Sept–Oct, 2008), 
Forestry Department, Peninsular Malaysia stated that agarwood prices in 2007 were RM 
25,000 per kg (super grade), RM 20,000 per kg (grade A), RM 18,000 per kg (grade B), RM 
15,000 per kg (grade C), RM 8,000 per kg (grade D) and RM 3,000 per kg (grade E) 
respectively while in the other hand, the prices of agarwood chips were between RM 5 to RM 
100 per kg. Based on market survey conducted in 2007, the department revealed that 







2.1.5  Current status of Aquilaria sp. 
 
High demands by traders to get the resin sources of gaharu trees have caused great 
exploitation of the species by loggers. According to IUCN (2011), the three species, A. 
microcarpa, A. beccariana, and A. malaccensis have been listed as vulnerable species type 
under IUCN Red List of Threatened Species. Tawan (2004) in Pusaka (Sept–Oct, 2008) also 
state that those three valuable gaharu species, have been listed under Sarawak Wildlife 
Protection Ordinance 1998 as protected plants species. According to Mucharromah (2011), 
Bengkulu, one of state in Sumatera, Indonesia has high diversity of gaharu–producing trees, 
but gaharu found in nature is threatened to extinction due to uncontrolled exploitation. Traded 
Non Timber Forest Products (NTFPs) is the major contribution to income for local people in 
Malinau, Indonesia, so within concessions, these trees (gaharu) which also considered among 
NTFPs, became open to destructive harvesting by outsiders in their search for its resin (Rist, 
Shanley, Sunderland, Sheil, Ndoye, Liswanti & Tieguhong (2011). In East Kalimantan, since 
the establishment of forest concessionaire, communities had gradually experienced higher 
levels of difficulties in finding resources especially gaharu due to deterioration of 
environmental quality (Sari, 2010). 
 
In Vietnam, local people earn their living by dealing with agarwood. However, due to over 
exploitation of natural resource have caused sudden declined to the distribution of valuable 
plant while the demand for the resource remains constants or even increase (Tran, Tran, 
Kouda, Nguyen, Maruyama, Saiki & Kadota, 2003). Thus, cultivation of agarwood in Phu 
Quoc Island, Vietnam by islanders is an initiative done to preserve natural Aquilaria trees, as 
well as to supply great demand in world market (Nakashima, Nguyen, Tran, & Kadota, 2005). 
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2.2 In vitro plant propagation 
 
In vitro propagation or micropropagation is a technique developed in the past few decades as 
an alternative way to propagate plant using other plant parts. The technique applied by 
removing small pieces of tissues or organs from a donor plant and cultured aseptically on 
nutrient medium whereas the chemical composition in medium is manipulated to stimulate 
growth and development of tissues (Bonga, 1982). 
 
The technique was first tested and used on lower level plant such as ferns, orchids, gerberas, 
carnations, tobacco, chrysanthemum, asparagus, gladiolus, strawberry and many herbaceous 
plants (Rich, 2004). However, after some modification of media, woody plant such as azaleas, 
roses, plums, apples were successfully propagated eventually. In experiment conducted by 
Bommineni, Mathews, Samuel, Kramer & Wagner (2001), they have successfully induce 
maximum recovery of shoots from cultured stem slices of apple and pear using shoot 
induction medium supplemented with Thidiazuron (TDZ). In vitro shoot were rooted and 
transferred to greenhouse and field nursery for further evaluation (Bommineni et al., 2001). 
 
According to Azwin, Siregar & Supriyanto (2006), tissue culture can provide genetically good 
seedlings for plantation in the future due to its shorter time period and mass quantity of 
plantlet production. Through this method, homogenous plant type and disease and pest–free 




In in vitro systems, all experimentation are carried out under aseptic conditions and therefore, 
cultured tissues and cells are not destroy by microorganisms such as fungi and bacteria that 
might inhabited the tissue or from environment (Bonga, 1982). 
 
According to Thiart (2003), in vitro regeneration help to produce certified virus–free plants 
and a large number of clonal plants can be obtained. Culture medium that mostly used is 
Murashige & Skoog (1962) medium since the basic nutrient solution is very suitable for many 
of the plant meristem cultures (Ismail, 2000). While according to Schoofs (1992), sucrose 
added in the MS medium will function as carbon sources. The sugar concentration chosen is 
very dependent on the type and age of growth material, for example a young embryos require 
a relatively high sugar concentration (Pierik, 1997). Excessive sucrose in media tend to 
increase number of contamination as it can be food source of fungi, but by eliminating 
sucrose, the explants turned brown and eventually died (Linna, 2006).  
 
Using Gelrite as gelling agent is preferable since it will give up to 20% better results and also 
forms clear gels that make it easier to detect contaminations by bacteria or fungi (Schoofs, 
1992). For DKW medium, gelrite has been used as solidifying agent although agar is used 
routinely to solidify most media (Payghamzadeh & Kazemitabar, 2011). According to 
Payghamzadeh & Kazemitabar (2011), shoot elongation of walnut plant, Juglans spp. using 







2.2.1  Indirect organogenesis 
 
In indirect organogenesis, the explants will be developed into friable and embryogenic callus 
before proceeding into complete growth of explants. Callus is undifferentiated cells produced 
in vitro as a result of wounding and in response to hormones, either endogenous or supplied in 
the medium (Hartmann, Dale, & Fred, 1990). According to Brown & Sommer (1982), callus 
cultures may be started from any type of explant material that have parenchymatous cells 
capable of renewed cells division in order to form an unorganised mass of proliferating cells. 
The peak cell growth of calli was at 25ºC, which showed the optimal temperature for culture 
of Aquilaria (Okudera & Ito, 2009). Callus culture is actively developing cells, thus different 
ratio of hormones such as auxin and cytokinin applied help in manipulating the growth of 
callus (Pierik, 1997).  
 
Meanwhile, according to Thiart (2003), callus culture vary in their morphogenic potential or 
competence, but adjustment of growth regulator in culture medium can bring about shoot or 
root formation from callus to form a large number of species. Based on Arumugam, Rao, & 
Rao (2003), 2, 4–D was the most effective for callus induction as well as bud regeneration in 









2.2.2 Surface sterilization  
 
Surface sterilization technique is the most crucial in tissue culture, as it will determine the 
progression of following experiment. The most common cleaning agents used to disinfect 
explants is sodium hypochlorite (containing 5.25% active ingredients) and commonly used 
concentrations are 5%, 10% and 20% concentrations (Kyte & Kleyn, 1996). According to 
Pierik (1997), it is advisable to use calcium hypochlorite for sterilization, if the plants are 
particularly sensitive to bleach as it enters plant tissues more slowly than sodium hypochlorite.  
 
Addition of Benomyl (fungicide) during sterilization also gives higher chance to get axenic 
explant. From the research conducted by Phuang (2011), it showed that soaking lamina 
explants into 0.1% of Benomyl solution produced better results of axenic culture. Using 
mercuric chloride (HgCl2) also suggested in sterilization, however the preparation is tidiest as 
it is extremely toxic that could harm plants, animals and men (Pierik, 1997). Mercury chloride 
usually applied to explants that have high possibilities in getting contamination. 
 
2.2.3 Plant Growth Regulators (PGRs) in plant tissue culture 
 
In culturing plant tissue, explants that already detached from its mother tree will no longer 
having its nutrient sources. Hence, the nutrients sources will be replaced by synthetic Plant 
Growth Regulators (PGRs) that will be supplemented into nutrient media used. The hormones 
processes generally influenced mainly of growth, differentiation and development of cells, 
though other processes such as stomatal movement may also be affected (Davies, 2004).  
 
